Abstract The aim of the study is to examine rs4680 (COMT) and rs6265 (BDNF) as genetic markers of anxiety, ADHD, and tics. Parents and teachers completed a DSM-IV-referenced rating scale for a total sample of 67 children with autism spectrum disorder (ASD). Both COMT (p = 0.06) and BDNF (p = 0.07) genotypes were marginally significant for teacher ratings of social phobia (gp 2 = 0.06). Analyses also indicated associations of BDNF genotype with parent-rated ADHD (p = 0.01, gp 2 = 0.10) and teacher-rated tics (p = 0.04; gp 2 = 0.07).
Introduction
Children with autism spectrum disorder (ASD) exhibit extraordinary variability in behavioral presentation including the symptoms of many nonASD psychiatric disorders (e.g., Gillott et al. 2001; Kanner 1943; Smalley et al. 1995; Sukhodolsky et al. 2008; Sverd 2003; Weisbrot et al. 2005) ; nevertheless, relatively little is known about their biological substrates (Brieber et al. 2007; Gadow et al. 2008a; Sinzig et al. 2008; Smalley et al. 2002) . Because it has generally been assumed that behavioral disturbances, particularly anxiety disorder (Gillott et al. 2001) , were epiphenomena of ASD pathogenesis, most genetic studies have logically focused on the core features of ASD (Grice and Buxbaum 2006; Yang and Gill 2007) . However, behavioral heterogeneity in ASD may be linked in part to the same genotypes associated with other neuropsychiatric disorders (Brune et al. 2006; Cohen et al. 2003; Gadow et al. 2008b; Roohi et al. 2009; Smalley et al. 2002) . For example, findings for a welldefined ASD sample suggested associations of MAO-A promoter VNTR (Roohi et al. 2009 ) and DAT1 3 0 VNTR (Gadow et al. 2008b ) polymorphisms with ADHD, anxiety, and tic symptom severity that were consistent with the results of studies of nonASD samples.
Two well-described single nucleotide polymorphisms (SNPs) currently of interest in the pathogenesis of anxiety are Val158Met (rs4680) in the catechol-O-methyltransferase (COMT) gene and Val66Met (rs6265) in the brainderived neurotrophic factor (BDNF) gene (Hovatta and Barlow 2008; Smoller et al. 2008) . COMT plays an important role in the catabolism of brain dopamine and norepinephrine, and Val158 and Met158 alleles are associated with high and low enzyme activity, respectively. Research generally supports the low activity Met158 allele as the risk factor for phobic anxiety, panic disorder, and OCD, but as with many candidate genes, findings are mixed (Hovatta and Barlow 2008; Smoller et al. 2008; Hettema et al. 2008; Enoch et al. 2008; Jiang et al. 2005 ). We are unaware of studies associating the Val158Met polymorphism with ASD, but there is modest evidence for schizophrenia (Meyer-Lindenberg and Weinberger 2006) , and comorbidity analyses indicate genetic overlap for autism, schizophrenia, and bipolar disorder (Rzhetsky et al. 2007) .
BDNF is a neurotrophin that is involved in neuronal plasticity, neurogenesis, and response to antidepressant treatment. The Val66Met (rs6265) polymorphism is a functional BDNF SNP implicated in higher-order personality traits such as neuroticism as well as the pathogenesis of anxiety and depression (Enoch et al. 2008; Hovatta and Barlow 2008; Hünnerkopf et al. 2007; Jiang et al. 2005; Smoller et al. 2008) . The Met66 allele is associated with lower BDNF secretion, but findings are mixed with regard to which variant is the susceptibility allele for anxiety. For example, there is evidence that BDNF Met66 allele is a protective factor for OCD (Hall et al. 2003) , whereas others find it is a risk factor for anxiety and depression (Jiang et al. 2005) . Moreover, a gene 9 gene interaction has been reported; specifically, individuals who were carriers of the 9-repeat DAT1 VNTR polymorphism and the BDNF Met66 allele were at less risk for neuroticism (Hünnerkopf et al. 2007 ). The BDNF gene has also been implicated in autism (Nishimura et al. 2007 ).
The primary objective of this exploratory study was to search for evidence linking gene variants (COMT Val158Met or BDNF Val66Met) purportedly implicated in the pathogenesis of anxiety in population-based and clinicreferred samples to anxiety in children with diagnosed ASD. We adopted a dimensional model for assessing anxiety owing to its statistical and conceptual advantages over the categorical or diagnostic model (Abrahams and Geschwind 2008; Belmonte et al. 2004; Szatmari et al. 2007 ). Specifically, we predicted a priori (before the data were analyzed) that each risk genotype would be associated with more severe anxiety symptoms. Because the results of both animal (Hovatta and Barlow 2008; Turri et al. 2001) and human (Hirshfeld et al. 2008; Hettema 2008; Hovatta and Barlow 2008; Smoller et al. 2008 ) studies suggest that susceptibility to different types of anxiety is likely associated at least in part with different genes, the symptoms of generalized, social, and separation anxiety disorder were examined separately. In addition, there is some preliminary evidence linking social anxiety with autism (Smalley et al. 1995) . In view of prior preliminary evidence suggesting that (a) teachers rate specific symptoms of anxiety in children with ASD more severely than their mothers , and (b) effect sizes for gene-anxiety associations are larger for teacher than mother ratings in children with ASD (Gadow et al. 2008b; Roohi et al. 2009 ), which in turn may reflect different pathogenic processes (see, for example, Ronald et al. 2008) to include reactivity to setting-specific variables, we expected that teacher versus parent report of anxiety would evidence greater genotype group differences. Our secondary objective was to determine if COMT and BDNF polymorphisms were also associated with ADHD and tic severity. This seemed reasonable because (a) prior research with different gene variants in both ASD and nonASD samples indicated pleiotropy for these symptoms (Comings et al. 1996; Gadow et al. 2008b; Roohi et al. 2009; Rowe et al. 1998) , and (b) all three groups of symptoms are clearly interrelated in ASD and nonASD samples suggesting commonalities in etiology (Gadow et al. 2006; Goldstein and Schwebach 2004; . As with anxiety symptoms, based on prior research (Gadow et al. 2008b; Roohi et al. 2009 ) we expected differentially larger genotype group differences for parent-rated ADHD and teacher-rated tics.
Materials and Methods

Participants
Participants in this study were recruited from referrals to a university hospital developmental disabilities specialty clinic located on Long Island, New York. All families with at least one child with a diagnosis of ASD were contacted by mail for participation in a genetic study. A total of 92 individuals were initially recruited, but to maximize homogeneity, the study sample (N = 67) was limited to individuals who were children (4-14 years old) when the diagnostic and behavioral evaluations were conducted. Parent/teacher ratings of psychiatric symptoms were available for 62/57 of the children, respectively. Demographic characteristics are presented in Table 1 . This study was approved by a university Institutional Review Board, informed consent was obtained, and appropriate measures were taken to protect patient (and rater) confidentiality. 23 (41) 21 (47) 6 (27) Asperger's 1 (9) 14 (25) 10 (22) 5 (23) PDD-NOS 6 (55) 19 (34) 14 (31) 11 (50) SES socioeconomic status assessed with Hollingshead's (1975) index of occupational and educational social status; scores range from 24 (unskilled laborers) to 66 (major business and professionals) Procedure Diagnoses of ASD were made by an expert clinician with more than 20 years of clinical and research experience with ASD. These diagnoses were based on five sources of information about ASD symptoms to verify DSM-IV criteria: (a) comprehensive developmental history, (b) clinician interview with child and caregiver(s), (c) direct observations of the child, (d) review of validated ASD rating scales including the Child Symptom Inventory-4 (CSI-4) Sprafkin 1986, 2002; Gadow et al. 2008c; Lecavalier et al. 2009b) , (e) prior evaluations, and (f) the Autism Diagnostic Observation Schedule (Lord et al. 2000) and/or Autism Diagnostic Interview-Revised (Rutter et al. 2003) .
Prior to scheduling their initial clinic evaluation, the parents of potential participants were mailed a packet of materials including behavior rating scales, background information questionnaire, and permission for release of school reports, psycho-educational, and special education evaluation records. Rating scales included parent and teacher versions of the CSI-4. In most cases, ratings were completed by the child's mother. Genotype status was determined using DNA isolated from peripheral blood cells and polymerase chain reaction (PCR).
Genotyping
COMT. Single-nucleotide polymorphism (SNP) analysis was performed for the COMT (rs4680) genotypes with high-resolution melting. PCR was carried out in a 10 ll volume containing the following primers: COMTSNPF-ACCCAGCGGATGGTGGATTT and COMTSNPR-ATG CCCTCCCTGCCCACAG. Each amplification was overlaid with mineral oil and contained 20 ng of DNA, 0.25 lM of each primer, and 19 Light Scanner Master Mix (Idaho Technology Inc). Reaction conditions were: an initial denaturation at 95°C for 2 min, followed by 53 cycles of 94°C for 30 s and 69.9°C for 30 s. Melt analysis was performed between 70 and 98°C with a Light Scanner (Idaho Technology, Inc) (Zhou et al. 2004) , and SNP status determined using the Small Amplicon Module. One individual with each of the three expected genotypes (Met/Met, Met/Val, Val/Val) was sequenced to confirm correct genotype calling, and these samples were included in the melt analysis (data not shown). Genotype analyses were conducted by an investigator who was blind to the behavioral characteristics of the study sample.
BDNF. Single-nucleotide polymorphism (SNP) analysis was performed for the BDNF (rs6265) genotypes with high-resolution melting. PCR was carried out in a 10 ll volume containing the following primers: BDNFSNPF-TG GTCCTCATCCAACAGCTC and BDNFSNPR-CCCAAG GCAGGTTCAAGAG. Each amplification was overlaid with mineral oil and contained 20 ng of DNA, 0.25 lM of each primer, and 19 Light Scanner Master Mix (Idaho Technology Inc). Reaction conditions were an initial denaturation at 95°C for 2 min, followed by 53 cycles of 94°C for 30 s and 65°C for 30 s. Melt analysis was performed between 70 and 98°C with a Light Scanner (Idaho Technology, Inc), and SNP status determined using the Small Amplicon Module. One individual with each of the three expected genotypes (Met/Met, Met/Val, Val/Val) was sequenced to confirm correct genotype calling (data not shown).
Measures
The CSI-4 has both parent and teacher versions. Individual items bear one-to-one correspondence with DSM-IV symptoms (i.e., high content validity). To assess symptom severity, items are scored (never = 0, sometimes = 1, often = 2, and very often = 3) and summed separately for each symptom dimension. Research indicates the CSI-4 has relatively high sensitivity and specificity for identifying children with ASD (Gadow et al. 2008c ) and ASD subscales demonstrate adequate internal consistency, reliability, and validity (Gadow and Sprafkin 2008) . Moreover, confirmatory factor analysis in a large (N = 498) sample of children with ASD supports the construct validity of DSM-IV psychiatric syndromes (Lecavalier et al. 2009a ) and the tripartite model of ASD symptom domains (Lecavalier et al. 2009b) . As with all rating scales, mother and teacher ratings evidence modest convergence (Lecavalier et al. 2009b) , which likely in part reflects important G 9 E interactions. In the present study, primary analyses pertained to generalized anxiety disorder, separation anxiety disorder (parents only), social phobia (teachers only), ADHD, and tics. Numerous studies indicate that the CSI-4 demonstrates satisfactory psychometric properties in community-based normative, clinic-referred non-ASD, and ASD samples (Gadow and Sprafkin 2008) .
Statistical Analyses
Chi-square tests (categorical variables) and ANOVAs (continuous variables) were used for genotype group comparisons. Studies of the molecular genetics of neurobehavioral syndromes invite multiple comparisons for a number of reasons to include genetic heterogeneity (i.e., different genes are associated with the same clinical phenotype in different individuals), linkage disequilibrium (i.e., nonrandom association of polymorphisms at different loci), pleiotropy (i.e., same gene affects multiple processes and consequently multiple symptoms), gene-gene interactions, and polygenic models of pathogenesis (i.e., multiple genes contribute to the clinical phenotype, each with small effects). Owing to (a) the practical and theoretical limitations of the Bonferroni correction (e.g., increased risk of making Type 2 errors) (e.g., Perneger 1998; Rothman 1990 ) and (b) the exploratory nature of this study, no adjustment was made for multiple comparisons. However, we report partial eta-squared (gp 2 ) to gauge the magnitude of obtained group differences (i.e., percentage of variance in dependent variables accounted for by independent variables). A rule of thumb for determining the magnitude of gp 2 suggests the following: 0.01-0.06 = small, 0.06-0.14 = moderate, and [0.14 = large (Cohen 1988) . Moreover, we also interpret obtained findings in terms of internal consistencies within the present study and convergences with prior research.
Results
Genotypes
The distribution of COMT genotypes (frequencies/percents) was Met/Met (21/31%), Val/Met (35/52%), and Val/ Val (11/17%), which does not deviate from the HardyWeinberg equilibrium (V 2 = 0.32, p [ 0.05). For all analyses, children homozygous for the COMT Val allele (Met158-) were compared to all others (Met158?); thus, 11 (17%) of the children fell into the COMT Met158-group, and 56 (83%) were in the COMT Met158? group.
The distribution of BDNF genotypes (frequencies/percents) was Met/Met (4/6%), Val/Met (18/27%), and Val/Val (45/67%), which does not deviate from the HardyWeinberg equilibrium (V 2 = 1.33, p [ 0.05). For all analyses, children homozygous for the BDNF Val allele (Met66-) were compared to all others (Met66?); thus, 45 (67%) of the children fell into the BDNF Met66-group and 22 (33%) were in the Met66? group.
Comparisons between the two genotype groups (for the BDNF and COMT genes separately) indicated no significant differences in age, gender, IQ, ethnicity, SES, single-parent household, special education services, ever or current medication use, or ASD subtype (Table 1) .
COMT
With regard to the primary objective, there was a marginally significant (p = 0.06, gp 2 = 0.06) finding for teacher ratings of social phobia severity (Met158? [ Met158-) (Table 2 ), but not generalized anxiety or for parent ratings of generalized or separation anxiety dimensions. As for the secondary objective, there were no statistically significant findings for either ADHD or tics for either informant.
BDNF
There was a marginally significant (p = 0.07, gp 2 = 0.06) finding for teacher ratings of social phobia severity (Met66? [ Met66-) (Table 3) , but not generalized anxiety or for parent ratings of generalized or separation anxiety dimensions. The BDNF Met66-group obtained more severe parent ratings of ADHD symptoms (p = 0.01, gp 2 = 0.10) and had more severe teacher ratings of (combined motor and vocal) tics (p = 0.04, gp 2 = 0.07) than carriers of the Met66 allele. ) genotypes to anxiety symptom severity in children with ASD were not supported by our analyses, but at the risk of making a Type 2 error, we hasten to note that both gene variants were marginally significant for teacher ratings of social phobia (gp 2 = 0.06), and obtained findings are internally consistent (i.e., cross-gene, within-informant, within-symptom dimension). In this same sample, we have also found that teacher ratings of generalized anxiety (gp 2 = 0.12) were associated with the MAOA VNTR (Roohi et al. 2009 ) and social phobia (gp 2 = 0.09) with the DAT1 VNTR (Gadow et al. 2008b) polymorphisms. The school setting appears to be a stressful environment for many children with ASD likely due to the demands of social interaction (Baron-Cohen 2006; Chamberlain et al. 2007 ) and their innate propensity toward self-involvement, or as Kanner (1943) put it, ''Everything that is brought to the child from the outside, everything that changes his external or even internal environment, represents a dreaded intrusion'' (p. 244). Owing to modifications in the item content of the CSI-4, we were unable to directly compare parent and teacher ratings of social phobia. In view of compelling evidence supporting shared genetic risk factors for anxiety and depression (Hettema 2008) , differentially higher rates of social phobia and depression in families of individuals with autism (Smalley et al. 1995) , and associations of COMT Met158 allele with both anxiety and depression in nonASD samples (Enoch et al. 2008) , we also note that teachers rated carriers of the COMT Met158 allele as having more severe depression symptoms than those in the Met158-group (p = 0.04, gp 2 = 0.07). In the case of BDNF, others have found the risk variant to be Met66-genotype (Hünnerkopf et al. 2007 ), but these ''flip-flop'' findings are not uncommon in the literature and may ultimately be explained by an interaction between the investigational locus and other risk factors (Lin et al. 2007) . Alternatively, it is also possible that ASD-related processes alter specific CNS functions such that in certain cases susceptibility alleles actually serve as an equilibration mechanism (Gadow et al. 2008b) .
The secondary objective of this study was to explore possible relations between polymorphisms and ADHD and tic severity. Analyses revealed a moderate-range association between BDNF ([Met66-) genotype and parent-rated ADHD (p = 0.01, gp 2 = 0.10). Although BDNF is not considered to be a primary candidate gene for ADHD , there is some evidence of association ([Met66-genotype) with a cognitive ADHD endophenotype (Drtilkova et al. 2008) . The consistency across genes (MAOA, gp 2 = 0.12; DAT1, gp 2 = 0.08) for associations with ADHD to be evident for parent but not teacher ratings in our sample (Roohi et al. 2009; Gadow et al. 2008b ) as well as independent nonASD samples (see Thapar et al. 2006 ) suggests a possible gene 9 environment interaction.
There was a moderate-range association between BDNF genotype and teacher (p = 0.04, gp 2 = 0.07) and to lesser extent parent (p = 0.09, gp 2 = 0.05) ratings of tic severity (Met-[ Met?). Hall et al. (2003) reported that the BDNF Met66 allele may be ''protective'' for OCD, a disorder that is generally considered to be associated with Tourette syndrome (Grados and Mathews 2008) . In the present sample, neither the severity of OCD compulsion or obsession symptoms was different among genotype groups (p [ 0.10), thus lending support to the notion of unique risk factors for these interrelated symptoms. Our findings for BDNF are consistent with similar results for DAT1 VNTR polymorphism where teacher (but not parent) ratings were associated tic severity, and OCD symptom severity was not associated with the risk genotype (Gadow et al. 2008b) .
Although the study was not designed to examine genegene interactions, we were nevertheless curious to see if the effects of DAT1 and BDNF genotypes were additive for tic severity for three reasons. One, in our prior study of this ASD group, teacher ratings of motor and vocal tic severity were associated with DAT1 genotype ([10-10 repeats). The results of other studies with nonASD samples also suggest a link between dysregulation of dopamine function, particularly over-activity, and Tourette syndrome (Singer et al. 2002; Yoon et al. 2007) , and tic severity and DAT1 genotype ([10-10 repeats) (Rowe et al. 1998) . Two, Hünnerkopf et al. (2007) found higher neuroticism scores in nonASD individuals with the Val/VAL BDNF genotype and who were not carriers of the 9-repeat DAT1 allele. Three, anxiety and tics appear to be highly interrelated (Coffey et al. 2000) . In our ASD sample, the interaction term was significant (p = 0.02, gp 2 = 0.09) suggesting that the interactive effects of BDNF (Met66-) and DAT1 (10-10 repeat allele) risk genotypes are possibly synergistic, and the effect size was in the moderate range (see Fig. 1 ).
Interpretation of study findings are subject to several qualifications. In accordance with much current support for intermediate phenotypes and dimensional strategies, particularly in ASD research (Abrahams and Geschwind 2008; Belmonte et al. 2004; Happé and Ronald 2008; Levy and Ebstein 2008) , we used symptom severity scales to characterize component phenotypes (Szatmari et al. 2007) . Therefore, obtained findings may not apply to categorical diagnoses. Because no statistical adjustments were made for multiple comparisons, this increased the probability of chance findings (Type 1 error). Therefore, all significant gene-behavior relations must be considered tentative and require replication in larger independent samples.
The size of the study sample may have limited our ability to detect more gene-behavior associations and restricted our ability to examine gene-gene interactions. For example, there were two marginally significant associations (p = 0.06, gp 2 = 0.06) between COMT variants and ASD severity that warrant consideration in future research: communication deficits ([Met158-, parent ratings) and perseverative behaviors ([Met158?, teacher ratings) . In this regard, Karayiorgou et al. (1997) also reported more severe perseverative behaviors in Met158 homozygotes. Although puzzling, these source-specific associations are consistent with a deconstructive approach to the triad of ASD symptoms (Happé et al. 2006; Ronald et al. 2008) . Although inadequate sample size is a common presumed source for inconsistent findings in the molecular biology, a meta-analysis of one of the most studied gene variants (5-HTTLPR) in ASD samples indicated that sample size was likely not the culprit (e.g., Huang and Santangelo 2008) . Equally if not more likely possibilities are ''replication drift'' such as differences in type of informant (e.g., Ronald et al. 2008) ; assessment instrument (compare Lecavalier et al. 2009b; Snow et al. 2009 ); co-occurring symptomatology, which is highly problematic in ASD samples; conceptualization of the (endo)phenotype (e.g., Tordjman et al. 2001) ; and even genotyping errors (e.g., Yonan et al. 2006) .
It is also possible that association signals may be weaker for the symptoms of syndromes such as anxiety, which are known to have lower heritability indices (particularly when based on point prevalence) and therefore evidence differentially greater susceptibility to environmental influences (Hettema et al. 2001 ) compared with other clinical phenotypes (e.g., ADHD, ASD). In other words, if the polygenic model (i.e., multiple genes, each with small effects) applies to co-occurring symptoms in ASD, then the failure to consider relevant environmental variables makes it more difficult to detect (and replicate) gene-behavior relations.
Our obtained findings may be spurious because genotype groups may have differed with regard to a variable confounded with gene activity. Moreover, a genetic subgroup(s) within the study sample may have been overrepresented as having both the risk genotype and more severe anxiety symptoms, i.e., population stratification (see Cardon and Palmer 2003) . The fact that all participants were Caucasian does not preclude this possibility. In addition, obtained gene-behavior associations may be better explained by (or consideration of) another gene variant(s) in linkage disequilibrium with the COMT or BDNF polymorphism (see Hettema et al. 2008) .
Lastly, space constraints and both serious gaps and conflicting findings in the extant literature preclude the formulation of a compelling model for the possible role of these tentative gene variants in pathogenesis of co-occurring symptoms in this clinical phenotype. What can be said is that these particular genetic markers appear to be involved in brain development and on-going brain activity and are pleiotropic for the symptoms of commonly cooccurring psychiatric disorders, appear to interact differentially with environment variables as evidenced by source specificity, and are at some level likely to be interactive. 
